Abstract. This study was carried out to compare the rate and extent of absorption of a generic salbutamol in oral dosage form (Brethmol, 4mg) with the proprietary equivalent product (Ventolin ® , 4mg), in healthy adult subjects, under fasting conditions. The study was a single dose, randomized, two way crossover study with a four-week washout period. It involved 22 healthy volunteers who received a single dose (4mg) of the test and the reference products after an overnight fast of at least 10 hours. Blood samples were collected at pre-dose and a serial of 14 samples were collected from each of the subject from 1h until 48 h post-dose. Plasma concentrations of salbutamol were analyzed using GCMS method. The mean AUC 0-¥ values were 91.26 and 96.45 h.ng/ml for reference and test product, respectively. The mean C max values were 12.26 and 12.38 ng/ml and the mean t max values were 2.80 and 2.33 hours for reference and test product, respectively. Analysis of variance showed that the 90% confidence intervals on the relative difference of the ratio for the AUC 0-¥ and the C max for the test and reference products were contained within the bioequivalence limit (80 -125%) (C max : 89.8 -110.5% and AUC 0-¥ : 91.6 -121.5%). There was no statistically significant difference for the t max between the test and reference formulations (p = 0.30). The test formulation was found to be bioequivalent to the reference formulation with regard to AUC 0-¥ and C max . There was no statistically significant difference in Brethmol and Ventolin ® t max . In conclusion, Brethmol and Ventolin ® are bioequivalent in healthy subjects.
Introduction
Salbutamol has long been used for the treatment of acute asthma symptoms in both adults and children, and also in the prevention of exercise-induced asthma [Nelson 1995 , Nishikawa et al. 1996 . Salbutamol can be administrated as an aerosol,an injection as a fluid or as tablets. Salbutamol is rapidly absorbed after oral administration to normal volunteers. Maximum plasma concentrations are achieved within 2 hours, and the drug is eliminated with a half-life of about 5 hours [Goldstein et al. 1987] . The most frequent type of adverse reaction occurring with salbutamol is related to the central nervous system like nervousness and tremor. Other reported adverse events encountered in clinical trials include headache, sleeplessness, weakness, dizziness, muscle cramps and nausea [PDR Electronic Library 2005] .The objective of this study was to compare the rate and extent of absorption of a generic salbutamol in oral dosage form (Brethmol 4mg) with the proprietary equivalent product (Ventolin ® 4mg), in healthy adult subjects, under fasting conditions.
Subjects, materials and methods
A total of 22 healthy subjects (11 males, 11 females) age of (mean, range) 24.6, 20 -42 years and BMI of 22.5, 18 -30 kg/m 2 was enrolled into this study. Healthy volunteers were recruited through response to an advertisement. Participation in the study followed a verbal and written explanation. Written informed consent was obtained from all volunteers prior to the screening procedures. A medical history was taken, including past illness, allergy, tobacco and alcohol consumption, and current use of other medically active substances. Following a physical examination, blood pressure and pulse rate, general examination of the subject was done to exclude any illness or abnormality. Ten milliliters of blood was collected for full blood count, urea and electrolytes, liver function tests, renal function test and random blood glucose. The volunteers were also checked for the presence of HBsAg and HIV antibodies in serum. In addition, a urine sample was collected for urine feme analysis and additional pregnancy test was done for female subjects. Entry to the study was gained following review of pathology reports and medical history. The subjects' blood were assessed at the end of study for all the laboratory parameters as mentioned above except for the HIV-Ab and HBsAg. Ethical approval was obtained from the Medical Ethics Committee, University Malaya Medical Centre. The study was conducted in compliance with the Declaration of Helsinki [ICH GCP 1996] 
Study design
This was a single dose, open labeled randomized, two-way crossover study (2 treatments, 2 periods, and 2 sequences) with four weeks washout period between two studies. However, only 20 volunteers completed the study. The volunteers were randomized to one of the two formulations stated above by computer-generated randomization.
Admission and procedures
The subjects were admitted to the Clinical Examination Ward, University of Malaya Medical Centre between 19:30 -20:30 on Day -1. Body and bag search was done to make sure that there were no unwanted medications and outside foods. The nature and the risks of the study were explained again by the study personnel and the subjects then signed an informed consent for the study participation. Blood pressure and heart rate were measured after subjects had rested for 10 minutes followed by a physical check-up by a qualified medical doctor. Subjects took a standardised meal between 20:30h and 22:00h. No food were allowed after 22:00h.
Starting from 07:00h of the dosing day (Day 0), a 20G cannula was placed in a large antecubital vein of the subjects. Five milliliters of blood was drawn for baseline sampling (0 h). Blood pressure, radial pulse, and oral temperature were measured for safety measurement. Starting from 08:00 h, the subjects were dosed according to their randomization schedule in sitting posture with 240 ml of water at ambient temperature. This activity was followed by mouth check to assess the compliance of dosing. After dosing, subjects were allowed to engage in normal activities only e.g. watching TV, reading, etc., but had to maintain an upright position for at least 2 hours. Subsequent blood samples were further collected at 1, 1.50, 1.75, 2, 2.25, 2.50, 3, 4, 5, 6, 10, 12, 24 and 48 hours post dose. Blood pressure and radial pulse were further checked at 2, 6, and 12 hours post dose. Standardised lunch, tea break and dinner, consisting of typical Malaysian food were served at 4, 8, and 11 hours after dosing.
Analysis of plasma samples
Salbutamol concentrations in plasma were measured using the Gas Chromatography -Mass Spectrometry (GCMS) method. This method was validated to demonstrate adequate sensitivity, specificity, linearity, accuracy and precision. The validation procedure followed international guideline [US FDA 2001] . The column used was DB-1MS (20.0 m × 0.32 mm × 0.25 µm) (J&W Scientific). Initial oven temperature was set at 110°C, then ramped at 20°C/min. to 280°C and later ramped at 50°C/min. to 320°C and hold for 1 minute. Injector temperature and interface temperature was set at 250°C and 200°C, respectively. Split injection mode was used with split ratio of 10:1. The injection volume was 1 µl. Helium was used as the carrier gas at a rate of 1.29 ml/minute.
The detection of salbutamol and internal standard (terbutaline) was achieved by comparing the ion sets in selective ion monitoring (SIM) of the peaks at 495.3 (salbutamol) and 482.3 (terbutaline). Salbutamol and terbutaline were extracted from plasma using the following procedures. 125 µl acetic acid and 1 ml dichloromethane were added to the test tube containing 500 µl plasma sample and 50 µl terbutaline (100ng/ml). The contents were vortex mixed for 20 second until an emulsion formed and centrifuged at a speed of 3200 rpm for 3 minutes. The aqueous layer was transferred into a silanised test tube containing 500 µl of K 2 HPO 4 (0.1 M) solution and vortex mixed for 10 seconds. Strata Screen C SPE cartridge (150 mg/3 ml) was conditioned with 2 ml methanol and 2 ml K 2 HPO 4 (0.1 M) solution followed by sample loading. The column was washed with 1 ml distilled water followed by 1 ml of 0.1% acetic acid. Salbutamol and terbutaline was eluted out from the cartridge with 1.5 ml of solvent mixture {9:1:0.1 (methanol: dichloromethane: ammonia solution 35%)}. The contents were evaporated to dryness under a gentle nitrogen stream at 60°C. 50 µl derivatising reagent (N-t-Butyldimethylsilyl-N-methyl-trifluoroa cetamide: pyridine) (2:1), were added and the contents were left at 60°C for 1 hour to complete the derivatisation processes. The contents were evaporated to dryness under a gentle nitrogen stream at 60oC. The contents were reconstituted with 50 µl ethyl acetate, vortexed mix for 10 seconds and transferred into an autosampler vial for the analysis by GCMS.
The mean retention time for salbutamol and terbutaline is 7.36 minutes and 6.95 minutes respectively during routine analysis. Mean recovery of salbutamol is 66.4% while the mean recovery for terbutaline is 80.5%. Calibration curve in spiked plasma was linear (R 2 > 0.990) from 0.5 to 20 ng/ml. Imprecision (%CV) for QC concentrations during within day were 6.0, 4.4, 3.7 and 8.3 respectively and during between day were 7.7, 5.1, 6.9 and 8.7, respectively for LOQ (0.5 ng/ml), low (0.8 ng/ml), medium (10 ng/ml) and high concentrations (15 ng/ml). The mean % inaccuracy values for LOQ, low, medium and high concentration were 9.1, 8.2, 4.5 and 8.4%, respectively for within day and 6.7, 5.9, 6.0 and 6.4%, respectively for between day. The limit of quantitation (LOQ) was 0.5 ng/ml, which was also the lowest concentration of salbutamol that can be quantitated with a within day variability of 8.9%.
Pharmacokinetic analysis
Pharmacokinetic analysis was performed for the concentration of salbutamol in plasma before (0 h) and up to 48 hours after dosing. All the parameters were determined from the actual plasma concentration of salbutamol. The maximum plasma concentration (C max ) and the time to achieve peak plasma concentration (t max ) were obtained directly from the individual plasma concentration-time data. The area under the plasma concentration-time curve from time zero to the last measurable concentration (AUC 0-t ) was determined using linear trapezoidal rule. The area under the plasma concentration -time curve from zero to infinity (AUC 0-¥ ) was calculated as the sum of AUC 0-t and AUC t-¥ . The AUC t-¥ was obtained by extrapolating the last measurable plasma concentration to the time axis by using the following equation:
Where K el is the elimination rate constant which was obtained as the slope of linear regression of ln-transformed plasma concentration-time curve in the elimination phase. The elimination half-life was calculated using the following equation:
Statistical analysis
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2.5 10.3 8.7 9.9 11.7 7.6 8.8 6.6 8.0 6.5 13.9 5.2 2.7 2.4 8.5 7.3 6.4 6.6 2.9 10.7 N A 6.5 8.2 3 7.9 9.0 5.3 12.7 7.0 8.5 6.1 7.7 16.0 10.6 4.5 4.1 2.5 12.0 5.5 10.4 7.5 3.0 8.2 N A 6.4 7.9 4 6.8 9.2 7.1 9.1 7.6 7.1 7.1 4.8 11.6 8.7 6.0 2.7 3.9 8.7 4.3 9.4 6.7 4.1 8.6 N A 6.4 8.8 5 5.6 10.3 6.7 7.0 6.0 6.7 5.6 3.7 7.9 6.2 4.7 3.4 6.9 6.4 3.7 7.9 5.9 7.4 8.7 N A 9.0 7.1 6 3.8 10.0 5.6 7.6 5.1 5.7 3.4 3.9 5.0 5.6 3.5 2.8 4.1 5.9 6.5 4. tions were analyzed, with and without logarithmical (log 10 ) transformation, using an analysis of variance procedure (ANOVA) for cross over studies that accounted for variations due to subjects, formulations and periods, using WinNonlin version 5.0.1. Using confidence intervals (CI) rather than hypothesis testing is agreeable internationally for the assessment of bioequivalence [Steinijans and Diletti 1983] . This method is equivalent to the corresponding Schuirmann's two 1-sided t-tests with the null hypothesis of bioinequivalence at 5% significance level [Schuirmann 1987] . As there were unequal number of subjects for analysis between Periods 1 and 2, type III ANOVA method was used. Bioequivalence testing was based upon the 90% confidence interval for the ratio of the population means (test/reference) for C max and AUC.
Results and discussion
A total of 22 subjects were successfully enrolled in the first arm of the trial after fulfilling all the inclusion criteria. However, only 20 subjects successfully completed the study. Two subjects did not report for the second period of the study on personal grounds due to unavoidable circumstances. Twenty subjects used in this study were enough as statistical power for ANOVA for both Log 10 AUC 0-¥ and Log 10 C max were above 80%. No serious or unexpected adverse events were reported or observed during the entire period of the study. All the treatments were well tolerated.
Salbutamol was measurable in plasma at the first sampling point (1 hour) in all 21 subjects following administration of Brethmol and Ventolin ® . However for the last measurable point (48 hours), salbutamol concentration can only be detected in 5 subjects and 2 subjects following administration of Brethmol and Ventolin ® respectively. The plasma concentrations of salbutamol for all the 21 subjects following administration of Brethmol and Ventolin ® are shown in Table 1 and  Table 2 . Mean pharmacokinetic parameters and the 90% confidence intervals (CI) including the mean ratio of the test to reference product for Log 10 AUC 0-¥ and Log 10 C max are summarized in Table 3 . The relative bioavailability (mean percentage of individual ratios) of the generic formulation was found to be 105.5% and 99.6% based on Log 10 AUC 0-¥ and Log 10 C max . From the ANOVA results, the 90% CI for the relative difference of the ratio for the Log 10 AUC 0-¥ and Log 10 C max between Brethmol and Ventolin ® were contained within the bioequivalence limit (80 -125%) (Table 3) . 
Conclusion
In conclusion the two salbutamol preparations are bioequivalent with respect to the rate and extent of absorption and it can be assumed that one can be substituted for the other without any change in drug efficacy and safety.
